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(vi) x=-lor3

Answers :
1 Algebra

(vii) x = S or -1
Exercise 1.1
1() 1a-9

(viii) x = —% or2

(ix) x-= % or -3

(i) -17cd® - 14cd - 15¢*d? (x) x=1
(iif) 5a+3ab (xi) x= i%
(iv) 2fg (xii) x=1or -3
v &
Y (xiii) x = 0 or2
8
(‘") 7 (XiV) X = _4 or %
(vii) % 2 (i) x==1
i) X+15 (ii) x=1or2
(viii) 0 ! 5
(iii) x=4

(v) x-= i%
(iii) (39-1)(q+2) i) x4
(iv) (t-2u)(s+p)
3 (i) x=-17 Exercise 1.3
(i) x=%=_l 1() (x-37-8
- T 2
4 x =168km (ii) (x+2°-4
i 2
5(i) e-= v lidbc (iii) (X B %) _%
H 2
i) k=-L=" (iv) (x+1%+4
o 2() x-3+8
(i) v=-_1Y
u-f (ii) x=0or-4
(iv) e-= %_ 12:2,,,, (iii) x=2or1

3(i) 2x-1%+5
Exercise 1.2

1(i) x=0o0r-5

(i) 2(x+3°>-7

(ifi) 3(x+2)?%-16
(ii) x=5o0r-5

(iv) 5(x-4)3?-8
(iii) x=4o0r -2
(iv) x=-7or2 (v) 4(x+3)?%-52

2
(v) x=8or-5 (vi) 9(X—%)—1 I:



P1

Answers

4 (i)
(ii)

a=19,b=4

a=2,b=1

5 a=15b=2,c=2

6 (i)

(i)

(iii)

(iv)

1

23456 7%

Vertex (-1, 0)

- N W A U<

-7 -6 W—z -9
-2

-3
-4
-5

23456 7%

Vertex (-4, -2)

- N W b U<

S o g g

Vertex (2, 1)

xV

2 \4567

—765432—11

-2
-3
-4
-5

Vertex (=

234567X

(v)

OS]

123456 7%

Vertex(—%, 1)

(vi)

[SSRRSINRS
et

7-6-5-4-32A4 0

-2+
-3+
-4+
-5i
Vertex (-

123456 7%

2,-1)

-\

—765432

Y
5l
41
31
/
0
_1 4
21

_31
41

1203 456 7X

-5+

Vertex (0.5, 2.25)

L\,

-7-6-5-4-3-2-1 9/ 1

Vertex

3456 7X

amn



7 (i)
(i)
(i)
(iv)

y=(x-4?%-2
y=—(x-102+5
y=x(x+2)=(x+1%-1

y=—(x-3%+4

Exercise 1.4

1 (i)
(ii)
(iii)
(iv)

2 (i)
(ii)
(iii)

3 a=3.

4 Using A to be the value of the discriminant:

(i)
(ii)
(iii)
(iv)
(v)
(vi)
5 (i)
(ii)
(iii)
(iv)
6 (i)

(i)
(iii)
(iv)

7 (i)
(ii)

x =179 or -2.79 (3s.f)
X =6.14 or -1.14 (3 s.f.)
x = 0.180 or -1.85(3s.f.)

x = -0.354 or 2.35

No solutions
No solutions
Two solutions
One solution
No solutions

Two solutions

k=0or -4
1>k

k <1
k<-6o0rk >6
k<Oork >4

k>ﬁ
24
k>-3
2

-2 <k<2

J <k
36

k>
36

(ifi) k>V2ork <—-\2

(iv) k<-1

8(i) m=-4,n=-12
(i) p =-16

Exercise 1.5

1() x=3y=-1
(ii) x=-2,y=5
(iii) x=3,y=12
(iv)] x=6,y=-3

Exercise 1.6
1 (i) X <-9

(if) x<-8
(ifi) x>-2 or -2<x
2 (i) x<0orx>1 yA
5.
4l
31
21

(ii) 0<x<

5 4 -3 2 -

siamsuy



(fif) x<-Torx>1 y4 (vi) x<-50rx>0 1z

P1

- 4" 3"
3t 24

-é-im-é-é-\(j/ 2 3 4 s5x

=t
S
2 =37
<
_4..
_5--
(iv) —3<x<3 %/
4 (vii) _2<x=<a”
3
2
1
7 B 4 5%
(v) -10
(viii) x<-7orx>2 y
14
12
10
8
6
4
2
10 -8 \-6 -4 2 _9
3




(ix) x<-Sorx>> (xii) x<Oorx>2
2 Y y
i P1
0 -
10
-2 -1 0 1 3x
-1+
6 |4 2 0 2 X ol 5
H
(1]
31 @
—-10
41
(x) -—+<x<3  yp Stretch and challenge
3071 1 (i) The equation could be thought of in the form
254 y = —a(x—b)2 +c
20-- . . .
Since the vertex is at approximately (9, 15) the
BT equation becomes y = —a(x — 9)° +15.
10+
. Substituting the point (0, 8) we get:
5 | R 8 =-a(0-9) +15
-4 2 ) 2 1 6X -7 = —ax 81
_ 7
—10l a=g
Equationis y =15— %(x - 9)2
(xi) 3<x<1! . :
3 (Answers will vary depending on vertex
chosen.)
(if) Many answers are possible.
One approach is to determine the co-ordinates
of the centre of the hoop and ensure these
co-ordinates fit the equation.
2 (i) ax2+bx+c=0:>x2+§x+§=0

Given the roots we can write the equation as:
(x—a)(x-B)=0

x2—ax—-px+af =0

x*—(a+B)x+oB =0

Equating, we get

~(@+p)=2

a

:>a+ﬁ=—§

- <
aﬂ—a



(ii)

4x* +(k +2)x +72=0

The roots are o and 2¢ .

39 -_3*"_54=-0

(3*)?-3%x3*-54=0

Answers

Lett =3
(x+2a:—k22 andoz><20¢=772 t*-3t-54=0
Solving the second equation, (t+6)(t-9)=0
t=-6 9
202 =18 ) or
3*=-6 or 9
a’=9
o =13 3* = —6 has no solutionsso3* =9 = x =2
Substituting into the first equation we get: a kX127 =8
_ k+2 _
3+2x3= 5 = k=-38 Let t = 2% the equation can then be written as
or(-3)+2x(3)=- 325 k=3 kt+y=8
kt®> +1=8t
(iii) a+p=7Fandop=" kt? —8t+1=0
1 l_a+ﬁ_§_ﬂ and 1 _3 For a single solution b — 4ac = 0
a B o § 7 of 7 (-8 -4xkx1=0=k =16

So the equation is: 16t2-8t+1=0

2

X2 -Z2x+2=0o0r7x>-4x+3=0

N

(4t-1°=0=t=

N w

2X=_"=Sx=-2

A=

(iv) a+B=2andop =3

(o + ﬁ)3 =02 + 30?8 + 3aB% + B3

Exam focus
= o’ + B2 +30B(a + B)

1a=2,b=2,¢c=-20
Rearranging, we get
2 a=4and b=-2
o + 3 = (a+ ) - 3ap(a+ p)
=22 -303)(2) =-10

(aB)’ = 3° =27 4 (i)

3 x=<-1 orx;%

Vertex is (-4, 6)

The equationis x?> +10x +27 = 0 (ii) -6<x<-=2



2 Co-ordinate geometry

Exercise 2.1

1() m=3
(ii) m=o0
(ii) m= -7
2 (i) Length <20 =~ 4.47
Mid-point = (1, 0)
Gradient = %

(ii) Length= 116 =~ 10.8
Mid-point = (10, 2)
Gradient=-2.5

(iii) Length= /80 ~ 8.94
Mid-point = (-1, 1)
Gradient = —%

(iv) Length= /180 ~ 13.4
Mid-point = (-7, -3)
Gradient =2

3 m=5
n=5
4 (i) x=0
(ii) x=-4
(ifi) x=1
5 (i) m =266
m, = 63.4°
my = 135’
(ii) 36.9° (1d.p.

Exercise 2.2

3(i)) 3y=-x-6 P1
Xx+3y+6=0 -
(ii) 15y =12x+5

12x - 15y +5=0

Exercise 2.3
1A y=-x+lorx+y=1

B: y=2x-3

C y=%x
D y=_3
E =6

siamsuy

1 (i) Gradient: 3, y intercept: -1
(if) Gradient: -2, y intercept: 3
(ifi) Gradient: % y intercept: 1
(iv) Gradient: —%, y intercept: -2
2 (i) Equation: y = —x + 2, Gradient: -1, y intercept: 2
(ii) Equation: y = 3x — 2, Gradient: 3, y intercept: -2
(ifi) Equation: y = —%x + %, Gradient: —%, y
intercept: %
(iv) Equation: y = %x — 4, Gradient: % y
intercept: -4

2 Gradient of line Gradient of perpendicular
1 -1
1 -4
1= _7 3
23773 7
_3 2
2 3
-3 _10
0.3= 10 3
3(i)) y=2x-7
i =_1x_1
(if) y= 32X
(ifi) Y
J[=r=1]
y=-0.5x-05 3l
21
1
765432191 234567 «x
L
i) \
21 \
41
5l
4 (i) 4x+3y+8=0
(i) 3x-4y-13=0
(ifi) y
5..
Ax+3y=1] gl
ix+3y=-8 37
X+ o) = 51
1+ 3x -4y =13
7-6-5-4-3-2-101 1 234 56 7%
214
-3
/4
-5
s (3.
(if) x+2y-2=0 I:



Answers

(iii) y

7-6-5-4-3-2-10 1 2734 5 6 7 8X
i \
—31

—11+
—12+
—131

Exercise 2.4

1,8 _ 16 _ 1
1 Area=5x5x4=2 =52
2 y=-2x-2

3(i)) y=-3x-7

(ii) d= \/(—3 ——%)2 + (2 ——g)z =4.74 (3s.£)

=_3 1
4 y = 8x+8
5a:b=3:2
6 (i) b=10

(ii) y=%x+% or3x -4y +31=0
(i) yz—gx—g ordx +3y+8=0

(iv) Dis (-5, 4).

Exercise 2.5
1 (i) (-1,-3)or (-2, -4)

(ii) (0, -2) or (-6, 10)
(iii) (2, 13)

(iv) (% 6) or (3,1)

(vi) 4. 1)
k=8
k>2ork <-2
k>2

8
k =2or -1
k=-7 or 1

o a A~ W N

7 () O0<k<4
(if) Pointis (% 3)
8 Area of triangle ABC = % X 7% X3 = 11%.

Stretch and challenge

1 The diagram shows the relationship between the
tangent and normal at the point A.

A
5+

4+

4 3 2 1 \[0 1 2 3 4 x

We need to find the co-ordinates of both A and B.

To find where the line meets the curve, solve
simultaneously:

Ax+y+2=0=>y=-4x-2
2x2=—-4x -2
2x2+4x+2=0
xX2+2x+1=0
x+Nx+1=0
x=-1
y=2(-12=2
So Ais (-1, 2).

The gradient of the tangent to the curve is —4 so the
. 1
gradient of the normal is 7.

The equation of the normal is:
1 9
y=mx+c=2=7 x-1+c=c=7
1.2
y=7Xx+73
To find B, solve simultaneously:
2_1,.9
2X2 =X+

8x2=x+9=8x2-x-9=0

Bx-9)(x+1)=0

ool

xX=5 or-1

Substitute x :% into the equation of the curve to
find the y co-ordinate:

2
_ 9 _ 81 _ 81
y=23) =2x2 -2

SoBis (g, ﬂ).
8' 32

Finally, use Pythagoras’ theorem to find the length
of AB.

As= -3 < - 4F

=2.19 (3s.f)




2 % - % = 4 multiplying every term by ab:

bx — ay = 4ab k2 _36 g
bx — 4ab = ay -8 -
_ bx — 4ab k?-36
== 5 =
y:%x—4b k2—36=64
b k? =100
From this form the gradient of the line is B, _
9 R k = %10
a 2
The x intercept is when y=0 so 2' 5
A [ g
x_0_ X _ = i A e I [ A RS e
2 p 4=y 4=x=4as0 Miis (4a, 0). —14—12—10/—8/—6 4 —z:_ﬁ\zwo 12 14 b
The y intercept is when x = 0 so B 41 B,
O Y _ 4 Y4 y— _4bsoNis(,-4b). !
a b b ! ! 871
By Pythagoras’ theorem, —10f

MN = /(4a)? + (4b)? = \16a% + 16b>

J16a% + 16b% = 720
16a% + 16b° = 720
16(2b)? + 16b* = 720
16 x 4b> + 16b% = 720
64b° + 16b* = 720

80b°% = 720
b2 =9
b=3
a=2b=6

3 Mid-point of A(-6, 1) and B(k, —3) is

)= )

Gradient of AB is 1—(-3) __4
k -6-k

Gradient of perpendicular is _ —64— k _6+k.

Equation of perpendicular bisector is

6+kxk—6
4 2

y=mx+c=-1=

2
k=36

Since the y intercept is -9,

+C

4 (i) x*-4x+3=(x-1)(x - 3)so the x intercepts

arex=1or3.
So the line must pass through (1, 0) or (3, 0).

y=kx+1=>0=kx1+1= k = -1
ory=kx+1:>0:k><3+1:>k=—%

(if) The xintercepts are x=a or b.
So the line must pass through (a, 0) or (b, 0).

y=kx+1=0=kxa+1=>k =-

y=kx+1=>0=kxb+1=k=-

(iii)

The x intercepts are x=a or b.

So the line must pass through (a, 0) or (b, 0).

y=mx+c:>0:k><a+c:>k=—§
y=mx+c:>0=k><b+c:>k=—%
k
5 2y:kx+1:>y:§x+

2x2+x+1=§x+

4x2 +2x +2 = kx + 1
4x> +(2-k)x+1=0

Nl= N|=

For two points of intersection, b% -—4dac>0

2-kP-4x4x1>0
4-4k +k*-16>0
k? -4k -12>0
(k +2)(k -6) >0

4 k<-2ork>6

Exam focus

1 The co-ordinates of D are (0, 1).
2 (i) TheequationofCDis y = —%x +11.
(if) The equation of BD is y =2x — 14.
(ifi) The co-ordinates of D are (10, 6).

3 k=-5



Answers

3 Sequences and series

Exercise 3.1

1(i) 7
(ii) -73
(i) 2
(iv) -2.15

2 (i) -27
(i) 1080
(iif) 1591
(iv) 84.05

3 878

4 10m+9n

5 78

6 $60

7 -290

8 (i) Solving simultaneously, d=1.5, a =23
(i) n=23

9 -6

Exercise 3.2
1 (i) 256

(i)
(iiii)

(iv) 519 (3s.f)

1
8
1%107°

2 (i) 765
(ii) 1215
(iif) -213000 (3s.f)

(iv) -200

3 Parts (ii) and (iv) have a sum to infinity.

4 x =18
5 us = 128 x 0.75% = 72
2275 :
5. = 17555 = 9102
65 =122 =1
5-1
u5=8><(1) =8
3 81
7 1
——< X< =
2 2
2 8
r=-2-="=-2
8 52 NP

9 $29900 (3s.f.)

10 (i) x=-1or 16
(if) 121.5
11 (i) 1260 minutes (3s.f)

(ii) t=6.53 minutes (3s.f)

12 (i) Forthe A.P, a =18

u, =a+(4-10d=18+3d

ug =a+(6-1d =18 +5d
First three terms of the G.P. are

18, 18 + 3d, 18 + 5d

So r = 18+3d: 18 + 5d
18 18 + 3d

(18 + 3d)* = 18(18 + 5d)
324 + 108d + 9d? = 324 + 90d
9d”? +18d = 0
9d(d +2) =0
d=0or -2

Sinced=0, d =-2
When d = -2,

_18+3d _18+3x-2 12

18 18 R

(ii) 54
(iiif) n=19

Exercise 3.3
1 (i) x*+8x3+24x? +32x+16

(ii) 1-9x +27x% - 27x°
2 (i) 256x® —3072x7 +16128x° — ...

. 1 12 6
(i) —+—=+—=+..
x&  x* x?

o

(iii) 2187a’ — 5103a°b + 5103a°h? - ...

(iv) %+l9+2—‘11
X x> x

10 4
3 The x2 term is (4)(2x)6 (%) = 13440x°

6 2
4 The x* term is & (1) (_i) _ 63,4
2)\2 X

5 The term independent of x is

15 1o 5 6
(GJ(X ) (X—B) = 78203125

6 (i) The coefficient is 2160.
(ii) The coefficient is 5328.
7 k=13

8 b=-1
2

wlN



9 (i) 729+ 1458u+ 1215u? + ...

(ii) The coefficient of the x2 term is —243
10 The coefficient of the x? term is 720
11 (i) 2187 - 10206x° + 20412x*

(ii) The coefficient of the x* term is 10206
12 (i)  x% +24x% + 252x* + ...

(ii) The coefficient of the x® term is —228
13 k=-4

14 a=25

Stretch and challenge
1 u; =400 = a + 6d = 400

Sy = 1800 = ?[2a +(30 - 1) x d] = 1800
15[2a + 29d] = 1800 = 30a + 435d = 1800
2a + 29d =120
Solving simultaneously,
d = -40 and a = 640
So Anna used Facebook for 640 minutes in week 1 of
her plan.
2 General term for the first expansion is

6 6-r 7 r
k) -5

(e ()
Term independent of x is when r=3

6), 36-3( 7Y 3.9 —343
(3j(kx ) (—F) = 20k>x X7

= —6860k>

General term for the second expansion is
8 (kx4)8—r m r

r X4

Term independent of x is when r=4

8 8-4( m 4 m4
kx* 2L = 70k%x" x 22 = 70k*m*
(4)( ) (X4j X16

So 70k*m* = —6860k*>

_8

m4

k =

3 a+tar=-3=a(l+r)=-3

ar® +ar® =729 = ar’(1+r) = 729

ar’(1+r) _ 729

a(l+r) ~ -3
r’ =-243
r==3-243 = -3

ad+(3)=-3=>-2a=-3=a=15

4 U, =3xUg = a+11d = 3(a+5d)

a+11d = 3a + 15d
2a+4d =0
a+2d =0

S3 = 450 = 2}[2a +29d] = 450 P1
30a + 435d = 450
6a + 87d = 90 -
Solving simultaneously:
a+2d=0
6a +87d =90
a=-24,d=1.2

5 Value of stamp 1: 55000, 52600, ...

A.P. with a = 55000, d =-2400
Value of stamp 2: G.P. with r=0.96

siamsuy

For Stamp 1,
u;p = 55000 + (10 — 1) x —2400 = 33400

For stamp 2:
ax0.96'" = 33400
= 334(300 =$50238
0.96

So the second stamp was bought for $50238

6 (i) The general termis (10)(x)1°‘r (a)
r

The expansion is:

x"% +10ax® + 45a°x® + 120a°x7 +

210a*x® + 252a°x> +210a°x* +120a’x3 +
4528x2 +10a°x + a'"°

Comparing the coefficients of the terms either

side of the x3 term:

120a’ > 210a° = a >%

120a7>45a8:>a<§
Tca<?d
2 3

(ii) The terms we are interested in are:

100| 4s, 56  [100) ‘43, .57
(2o e (e
+ (150;3(x)42 (a)®...
We want (15070)a57 > [1:;))356 =a> %

100 100
and (57)a57 > (Ss)a‘r’g =a< Z—g



Answers

Exam focus

1 (i) The coefficient of the x> term is —241920.

(ii) The coefficient of the x> term is —435456.

12 12-4 4 8
2 ( ](E) (x?) =495><2—8><x8=126720
4 J\x X

3 135a% = 2160

at =16

4 u, =-15
5 n=29.

6 36



4 Functions

Exercise 4.1

1 (i)
(ii)
(ifi)
(iv)

fx)=x+3
f(x) =x2+1
fxX)=-2x+1=1-2x

f(x) =10x + 2

2 All are functions.

(ii)

Is not one-to-one the rest are one-to-one.

3 (i) Isafunction. Is not one-to-one.
(if) Is not a function. Is not one-to-one.
(iii) Is a one-to-one function.

(iv) Is a function. Is not one-to-one.

4 (i) f(-2)=9
(i) f(x+1) = x?

5 (i) Isnota function. Is not one-to-one.
(ii) Is a function. Is not one-to-one.
(ifi) Is a one-to-one function.

(iv) Is a function. Is not one-to-one.

6 (i) Domain: xe R

Range: f(x) = -2
(ii) Domain: xe R
Range: f(x) <3
(iii) Domain: x=1
Range: f(x) =2
(iv) Domain: xe R
Range: fx)e R
7 Rangeis f(x) = -2
8 Domain: Osx<4
Range: 0<f(x) <2
9 Domain: xe R
Range: fx) <1

10 Given that x = -1, the range is f(x) = -3

Exercise 4.2

1

(i) f(-2)=3
(ii) o(-2)=-3
(i) fg(-2) = 4
(iv) of(-2)=-8

(v) fg(x) = x?

(vi) of(x) = 2x — x2
(vii) ff(x) = x

(viii) gg(x) = 2x% — x*

2 a=3,b=-1ora=-3,b=2

3 (i) @up44+g

(ii)  gf(x) = gBx +2)

2

_4+3x+2
_4(Bx+2)+2
a 3x +2
_12x+8+2
T 3x+42
_12x +10
T 3x+2

i) x= 1

(iii) x = 5

(iv) k>-2

4 a=3,b=2

5 (i) x<-3or x=-1

(ii) —Ssxs—%

Exercise 4.3
1) ') = X2‘1

siamsuy



Answers

(iii)

(iv)

2 (i)

f(x) =1-5x = -5x +1
-1 ox=-1_1-x
Flo="5 =73
f(x)
6..
41
1,1
AR 2 v
‘\~ t + +
6 4 2 9 24 6
A
A 41
_6..
fUx)=20x+1) =2x +2
-5+
. _6._
Domain f(x) : X =

0
Range f(x) : f(x) = -4
Domainf(x): x = -4
Rangef'(x): f'(x)=0

(ii)

I 44
L 51
5 _6._
Domain f(x) : xX=2
Range f(x) : f(x) = -4
Domain f'(x): x = -4
Range f'(x): fl(x) =2
(ifi) f(x

Domainf(x): x=-1
Range f(x) : f(x) = -5
Domainf(x): x = -5
Rangef'(x): f(x)= -1

(iv)

—+
=

N WA U O N X

Domainf(x): x=-2
Range f(x) : f(x) = 1
Domainf(x): x = -1
Rangef(x): f'(x)=-2



3 The largest possible value of kis —3 . 9x
g possi valu i 5 P1

gt ;. )
6“ /,,/’ 4X . 1 -
57 __ 9% Ax-1
al % Ta4x-1"" 9
3t =X
2 ' 1 X +2 1
1 (ii) f(x):4x—1’X€R'X¢Z'

A 123 4 5 6%

_3.\ Stretch and challenge
44

1 (i) y=af(b(x+c)+d

siamsuy

54
6L
Constant (Effect on graph
4 j'(x)=3- 2 _3x-2 a |a| > 1 Vertical expansion
X X
0 <|a| < 1 Vertical compression
5 f(x)=3X+1_4 a < 0 Reflects the graph in x axis
2
b b > 1 Horizontal compression
6 g'(x)=+(x-2*-1 0 < b < 1 Horizontal expansion
Domain g(x): x=0 c Shift left (c > 0) or right (c < 0)
Range g(x): g(x) =3 d Shift d units up (d > 0) or down
Domain g7 (x): x =3 (d<0)

Range g7'(x): (x) =0
& (ii) The translation of f(x) = x? — 3x 3 units right

7 k=1 and one up is given by

8 (i . f(x -3)+1
(i) Rangeis0<f=<10 =(x-32-3(x-3)+1
(i)  fe0p =x>-6x+9-3x+9+1

=x2-9x+19

yl
5l

44

2 o() = f(0) =1
9(2) = fg(1) = (1) = 3
9(3) = fg(2) = f(3) = 7

(ifi) 4=<x=<10

[x +2 } , o(d) = fg(3) = £7) = 15
9 (i) f(x) = f| X2 |- ¥x-T
4x —1 a( X+ 2) 1 We can see the pattern here, every number is one
(4X - 1) less than a power of 2so g(n) = 2" —1.
X+2+2(4x-1) h(0) = g(2) =3
_ 4x -1 h(1) = gh(0) = g(3) = 7

Ax+2)—(4x -1)
4x -1 h(2) = gh() = g(7) = 2" —1=127 E




P1

Answers

3 f(x+1)+f(x -1 = af(x)

3x+1 +3x—1 — aax
x+1 x-1 X —1
a:3 +3 :3(3+3):3+3-1:E
3% 3% 3

4 f2n-TN=a(2n-1)+b=2an-a+b

f2n)-1=a(2n)+b-1=2an+b -1
2f(n) —1=2(an+b) —1=2an+ 2b -1

2an + b is common to all three expression
so the three expressions can be simplified to

-a,-land b-1-

Since —1 is one of the terms, the possible
consecutive terms are

(i) -3,-2,-1

(ii) -2,-1,0

(iii) -10,1

(i) a=3b=-1=1f(n)=3n-1
a=2b=-2=1fn)=2n-2

(if) a=2b=1=1f(n)=2n+1

(iii) a=-1,b=1=1f(n)=-n+1

Exam focus

1 The domain of f(x) isx = -2

The range of f(x) isy = -2
The domain of f'(x) isx = -2

The range of f'(x) isy = -2

2 (i) a=2 b=3
(ii) x=-2

3 (i) k=-3.

(i) g')=vx+7-3

4 (i) X=- or X =

2
an 1 _ 2-7x
i) o7 () =5—"7

Wl =

(iii) Since b%? —4ac = (-1)> -4 x1x 1= -3 the
equation has no real solutions.

- -1 _ xX+4
(iv) f@J(X)—ZX+7

(v)

Point on y = f(x)

Pointon y=f"(x)

(0, 2)

(2, 0)

(11 _1)

(_11 1)

(-1,5)

(5,-1)

& 6 4 =




5 Differentiation

Exercise 5.1

1 (i) 3—§=20x—3
(i) 3%:1—20)(3
o dy 5 10
1111 2 — _ - 2
()dx 10x ~
. 2
(iv) %:%:2,&
(v) yzg—%—4x‘1—%x
d}’_ 2 _1__4
B R T
- -3 d 2,4
(vi) _ v _x7 _dy _3x" 3
V=03~ 4 T 4 4x*
1
(vii) y =2Jx -3x =2x2 - 3x
1
N JE S B
dx X
1 -1
(viii) = 3 2 _ .3, 2x
y X+3X X° + 3
dy 1 -3, -2x72 1 2
A T3 T3 T 32
2(i) fO)=-2a2-23=--2_2
X X
1 1
(i) f'(x)=3x2—3x2=3&-ix
i) Foy-Z-2°_n_ 2
2 T 2 TCXZ
2
(iv) f’(x):6><§x§ 103/ x2
3 3 1,8
3 f(9)=_3 ,5__3 5_5g_1_48
£/(9) \/9_3+5 27+5 5 5 49
4 Point is (-5, 18).

5 Points are (l,_i) or (-1, -3).
3' 27

Exercise 5.2

1 Equation of the tangentis: y = -10x - 8

2 y=4x-17

3 (i)

PR=VIP+17 =42

(ii) Sis(-1,0)

4 (i)
(i)

y=2x+4=2x-y+4=0

o o1,

5 k=5

Exercise 5.3

1 (i) Stationary points are (0, 0) and (1, -1).

y

1
-2 -1 1 2 3 X

>

=

)

-1 H

@
-2

(0, 0) is a local minimum

(1, =1) is a local minimum

(ii) Points are (%4) and (—1 - 4)

EI

Y
30
25
20

15

2

f"(_l) <0= (_

14+

0.5 1.0 1.5X

f”(l) >0 = (%, 4) is a local minimum

N| =

,—4) is a local maximum

3-2-10

12 3 456 7 8%

x=11is alocal minimum 17



P1

Answers

20<x<1

3 Since the discriminant is < 0, there are no solutions

when -1+2x -3x2 =0

So —1+2x — 3x? = 0 isalways <0

4 (i) iz
5..

4..

3..

2..

1..

-1 0 1 é )'(
-1+
y=2x-3x

24

-3+

-4+

-5+

(i)
g(x) = 3x? — 2x°
-2 1 2 X
-2+
-4+
5 (i) k=5
(if) The x co-ordinate of the other stationary point
is x=-8=22
3 3

(ifi) "M =6x1+5=11>0
= X = 1isaminimum

f”(—%): 6 x (—§)+ 5-_-11<0

8 . .
= X = _§ IS a maximum

Exercise 5.4
1 Maximum value of Pis 9 x 9 = 81

2 Dimensions are 3m by 4.5m.

3 (i)
h X
1
X
2
2
h? + (g) = x?

h_4
hzgx

(ii) Perimeter=10

10 — 3x

3x+2y=10=y = 3

oyt ixx 3
A—xy+2x>< 2x

_[10-3x), V3.
- Hf1052). 5,

_10x - 3x2

(ifi) Stationary value when z_f(\ =0

=2.34m (3s.f.)

(iv) x=2.34misa maximum

4 (i) V =nr*h=5000 = h = 2200
nr
S =2nr? + 2nrh
=2mr? + 2nr(50020)
nr
_ 2nr? 4+ 10000
r
(if) Stationary value when 3—f =0

r= '3’10401?0 =9.27cm

(ifi) r=9.27 is a minimum value



5 (i) 2b+2nr = 400

2b = 400 — 2nr
b =200 - nr
- 400
i =20 _
(ii) r an 31.8m (3s.f)

b =200-mx318..=100m

6 Let the length of the end be x
Let the length be y
4x+y=120s0 y =120 - 4x

V = xzy
= x2(120 — 4x)
=120x° - 4x3
AV _ a0x - 12x
dx
Maximum volume when z—)‘f =0

240x - 12x*> =0
12x(20 - x) =0
x=0cm or 20cm

Sincex #0, x=20cm
y =120 - 4 x 20 = 40cm

Volume is 16000cm?
7 The largest area is 0.5 units?
8 1241.123... = 1240cm® (3s.f)
9 Dimensions are:

length = 1.87m, width = 7.47m, height =3.56m

Exercise 5.5
1(H) y=Gx-4 :%:7()(—4)6

(ii) y=0Bx+2? ::—;‘::8(3x+2)7x3

= 24(3x + 2)’

(iii) y=0G6- 2x)° = g—i =9(5 - 2x)8 x -2

= -18(5 — 2x)®
1
(iv) y=3+4x =3+ 4x)?2
dy 1
= g =534 2x4

2
V3 + 4x

(v) y=31-9x=(1- 9x)%

- 2 -
(vi) y=-"5=2(x+3)"
N A LT e —
dx (x +3)
. 4 2
(vii) =— = =4(1-2x
TR
. A YU T R S
dx (1-2x)
(viii) 5 _5(5x+3)2
= — = 2
viii) y NSTE (5x +3)
3
:>Eii—“/=—5(5x+3)7><5=—i3
X2 2,/(5x +3)

2 Equation of the tangent is
y=mx+c=3=2x12+c=c=-21
y =2x - 21

3 Pointis (2, -2)

4 g'(x)=9(x+ 2)2
Since g’(x) > 0 for all values of x, the curve is always

increasing so there are no stationary points.

Hence the function is one-to-one so it has an
inverse.

The graph of y = g(x) for x> -2 and its inverse are
shown on the next page.

g(x)
34

-34
-4+
-5l
i -_3
5 (i) k= S
(i) x< —% orx >——
. dy 2 2
6 (i) “L=2x-1"+2=- - +2
dx (x = 1)
2
0'—}2’:4(x-1)‘3 -4
dx (x-1

(if) maximum point A is (0, -2),
minimum point B is (2, 6)

siamsuy
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Answers

7 0.2cm/s

8 0.111m/min (3 s.f.)
= 11.1cm/min (3 s.f.)

9 0.16 units/s
10 (i) 0.810 cm/s (3 s.f.)

(ii) 247cm’/s 3s.f)
11 0.05rad/s

12 (i)

Using similar triangles

y+80_L

) —3o=>y=80cm

h+y _h+80 _ 35,240 =8x= x=2h+30
X X 8

Area of trapezium cross-section

(§h+3o)+3o 3 p2 4 60h
=18 xh=28

2 2

=3 h?+30h
16

16
= %hz + 3600hcm?

Volume = 120 x (ihz + 30h]

(if) h=10.4cm or -170.4cm
Since h cannot be negative, h = 10.4cm
(iii) 0.983cm/min
13 (i)

B X
In the right-angled triangle
tan60°=§:> 3=§:>x=%
Length of CD is 60 + 2x = 60+2><%

Volume = area of trapezium x length

(a+ b)x 200

NS> NS

[60+60+2xi)x 200

NE]
2h
= 100h620 —j
BN}

h
= 200h|60 + —=
( *ﬁj

(ii) 0.0818cm/s

Stretch and challenge
1 (i)

g’(x) = k — 2x so if the gradient of the normal
is % the gradient of the tangent is -2.

k—2x=-2

k—-2x2=-2

k—a4=-2
k=2

(ii) The y value when x=2isg(2)=2 X 2 — 22=0.

Equation of the normalis y = mx + ¢ =

0=%x2+c:>c=—1 soy=%x—1

To find the other point, solve simultaneously

%x—1=2x—x2
X —2=4x - 2x?

2x>-3x-2=0

22x+1N(x-2)=0

x=-1or2
2

So the x co-ordinate of the other pointis x = —%.

o-P=2x-3-(-3f =1}

The co-ordinates of the point P are (-1, - 1%) )

A

SP= x2 + 102 so cosat = —2X
Jx? +10°
PW = /(30 — x)? + 52

= /(900 - 60x + x%) + 25
= /925 — 60x + x°

30 - x

J925 — 60x + x2

2 (i)

cosf =



Jx2 +10? . V925 — 60x + x2
10 5

_ JIx? +10% + 24925 — 60x + x>
- 10

(i) Time 7 =

21
%(x2 +100) 2 x 2x +

0 _1
2% %(925 - 60X + x%) 2 x (2x — 60)

_ i_ X + 2(x - 30) :|
10[ /x> +100 /925 — 60x + x>
1 [ X > 30— x ]
10/ Jx2 +100 /925 - 60x + x2

=1 _
= 10[cosoc 2cos f]

T’ = 0 when %[cosa —2cosB]l=0

coso = 2cos B

3(i) V=nrh

2 2
2 _ .2 (h 2 _p2_ h°
R =r +(§) =r°=R 2
V—n(RZ—ZJh
3
:nth—%
dv _ .. 3mh’
ap = ™R 4
2
(cjj—‘f/):Owhen1tR2—3n£:7 =0
z_3TCh2
mR* = Z
2R
h="=
3
&l
22 B \B) . R 2R
r°=R 4-R a =R 3 3
2
r= 3R
(ii) ch/inder _ nrzh
Vsphere %Tl'.ﬁ’3
:3r2h
4R3
2( 2R
3(./2R) | £&
3 (%)
4R?
o(2)(2)
_ A3 )3
4R3
4R®
_ 3
4R3
-
3

So ratio is 1: /3 or +/3:3

241

5 AE2+302=502= AE =40km

B
50km
30km
_ D
A 40 - x X dE
30km
50km
C

In triangle BDE, BD? = x2 + 302 = BD = +/x? + 900

Total length of road, L, is:
L=AD+BD+CD

= (40 — x) + /x% + 900 + +/x% + 900

= (40 — x) + 2J/x% + 900

1
= (40 — x) + 2(x? + 900)2

1
dL g4 2% 1(x? +900) 2 x 2x
dx 2
- _1 + 2—X
vx? + 900
Minimum length is when
2x
1+——=2__ -0
Jx?% + 900
22X 4
VX% 4900
2x = /x? + 900
4x% = x% + 900
3x% = 900
x% =300

X =+/300 = 17.3km

L = (40 — x) + 24x? + 900
= (40 — 17.3...) + 2J/(17.3...)? + 900

= 91.9615...km
=92km (3s.f)

siamsuy



P1 Exam focus 7 (i) volume = nr?h + %(gnﬁ) = nr’h + %nr3 =100
1 The points are (1 - E) and (—2, E)-

- 6 3
2 The equation of the tangent is

nr’h = 100 — 273

h =
y=-3x+8 or 3x+y-8=0 nr
2.3
The slope of the normal is % _ 100 3
w? o
y=mx+c = 5='x1+c = c=14 - 100 _2r
2 3 3 nr? 3
2
E The equation of the normal is (ii) S=2nrh+nr?+ %(4”2)
1 14
y=-x+—_—orx-3y+14=0
3 3 S = 2nr(@—£]+ nr? + 2nr?
r? 3
3 The stationary points are (0, 2), (2, —-14) and (-2, —14). 200 4nr?
=== +3nr?
& r 3
—}2/=12x2—16 —200+3 4m) 2
dx ST TPt T3
2
Atx:O,d—}zlz—16 so (0, 2) is a maximum. =@+5_nrz
dx r 3
2 amm . . .
Atx=2, :_}2’ —12x22-16=3250(2, -14) is a (ifi) Stationary pointis when
minimum.X 200 10w _ 0
> 2 t3 "
Atx=-2, Y _ 12 (2) =16 = 32 s0 (-2, ~14) is a '
T dx? ’ 200+ 1973 _ g
minimum. 3
r?= 120ﬂ = 19.098...
4 The function is increasing for 0 < x < 4. ?n

5 1200 mm?2/minute r=267cm (3s.f)

6 0.012 units/second (iv) r=2.67cm is a minimum value.



6 Integration

Exercise 6.1

1 (i) X74+X—+c
(ii) 3X2

(iii) x> -x>+c

(iv) —%+c
X
(v) XT2+X?6+C
(vi) —%+3x2 +c
2 (i) 93/2’(_4 +C

iy 28 6x°>

(iii) 4Jx +c

(iv) 4Vx® +¢

3—§+L3+c
X 3x
1
4 y=- 3+x+2
X

5 f(x)=2Vx® - x*+30

6 The equationis y = x+%— 2

Exercise 6.2

1() A= LZ(SX +1)dx
3x° ’
[5 ]
:[3><222 +2]_[3>;12 +1}

=8-25
=55

4 +7

3 x1=5.5

(ii) A=

2 The areais 1%.
3 Area between the curve and the x axis:

2x 1% - 102
3 3

Area between the curve and the y axis:
=4x4-102=51
3 3

q Area=2><51=10E
3 3

5 Area =10-(-2) =12

6 Totalarea=5+1=6

7 Area=45

8

—_

= N WA U N YOS

Area = 27 — (—14E)= 412
3 3

9 Area between curve and the x axis:
71 _ (13): 52
3 3 3
Area between curve and the y axis:

=9x2-52-3=9!
3 3

10 k=4

Exercise 6.3

4
1 (i) (x _42) +c
6
(ii) w+c
10
(iii) —%+c

(iv) [% + 3)4 +cC

36) -2 (13"‘)3 e
(i) _(2x1-1)2 e
(i) - ! e
(iv) ﬁ+c

(v) -3J5-2x+c

(vi) 363 (1 + %jz +C

siamsuy



Answers

Exercise 6.4

_1 (N2

36 4)”9
24

33

Exercise 6.5
1 (i) 8n = 25.1(3s.f.)

(ii) Sn=4.19(3sf)
2 75.4(3sf)
V (solid) = gn x 6% x 2 = 24n

7,
4
4 151
V (solid) = 24w — 15t =9t = 28.3 (3 s5.f.)

5 Points of intersection:

x(x-2)=-
2x(x =2)=-

2x2-3x=0
x(2x-3)=0

x:Oorx:%

1]
s
v
a
1
x
=
x
[
N
VN
[
VS
| =
x
N——
N
1
o
x

1]
a
m‘x
|

6 a =28 (sincea>0)
7 (i) Ais(3,10), Bis (2, 10)
M is (1, 8)

(ii) Final volume = 150 — 667 = 84xn ~ 264 units3

Stretch and challenge
1 J.j)z(Zx +k) = (x+2fdx = ?
JO [2x+k]—(x2+4x+4jdx=?

JO X2 - 2x+k-4)dx ="
2 3

3

X ° 10
—g o x k-4 L:3

[o[ g [2j2+[k—4]><—2H=13°

8 ia42k-8=1°
3 3

l—|

_§+2k:E
3 3
2k =10
k=5
2 Gradient of the sloping lineis m = Rﬁ -
Equation is
hr
y:mx+c:>0:R_r><r+c:c:—R_r
_ h __hr
y R-r R-r
hr h
y+R—r R-r
_R-r
X=—p=y+r
2 (R-r > 2r(R-r) )
¥ ‘( h Ty vt
V= :nxzdy
_ r((R=rY 2, 20®R-D
_no[(h)y+ A +re |dy

I
3
/N
>
>
-
~——
N
wl
+

3 _ 2
2,0

- 2
=n h(R;r)thr(R—r)+r2h}
"h(R? - 2Rr + 12 ,
=7 f+hr(R—r)+rh
= 5'[R? = 2Rr + 1% + 3rR - 3r* + 37|
_th 2
= 3[R +Rr+r:|
= 1nh(R? + R+ r?)
3
3 Area=-|.k+ 2x%dx =199
k 6
[E]k”:m
3 s
[2(k+1)3_£]:m
3 3 6
[2(k3+3k2+3k+1)—2k3]:@
3 6



3
3 2 3 T A Ao 1 1)
[2k + 6k +36k+2—2k ]:% 2 adx+1 € P1
[sz +36k+2]=% 32 -
2(6k? + 6k +2) = 109 4 1

12k? + 12k + 4 = 109
12k? + 12k - 105 = 0

4k® + 4k —35 =0
(2k +7)(2k -5) =0

3]

Area of DFGE = area of OBGE — area of ABGF
— area of OAFD

= (4x5)-122-(3x1)

2

k=2or-7 = 4§
2 2 5
g
Since x> 0, k =3 6 Shaded Area = 42§ g
a4 X*+y’=R* = x*=R*>-y? 7 Volume = %n units®
w)? w? 8 () A derline=1x1x1=1
AISO(?) +r2:R2:>,r2:R2_T i reaunderline = _x1x1=
wiz . Shaded area = Area under curve — area of A
V=] ™ dy — V(cylinder) o1

wi2 3727 6
=2| widy — nriw

(ii) (a) Volume of curve rotated around the x axis:

w/2
=2 R? — y? |dy — nr? .
fo n[ y J y-—mrw Final volume = %n - %n = %n
r 3 w/2
= 2n| R’y — y?] - rw or
- 0 = %n
w
— 2 R2 ﬂ — 2 j —_ r2W . 1 1
=<n 2 3 T (b) Final volume = —n - JrE=4T
L or
L [rRw w? 2 1
—ZR_T—ﬁ} rew —gn
3
2 w 2
:nRW—T—Tch 9(|) %n
_ 2 1'CW3 2 W2
= R“w — T -n| R - T w or
. 1 1 4
3 3 = g-lg=2
R nr; Rw s m:‘v Final volume JM—gm=m
1 . . .
= g1tw3 (ii) Volume = ?—gumtf (0.838 units’ to3s.f.)
or

Since the volume does not depend on R, the claim . 3 1 4 .
. Final volume = =t — -1 = — 7 units
Is true. 5 3 15

Exam focus

1 Thecurveis y = x> + x -4

y 4
121

10+

6 4 .0 > 4 X
\K‘i//\

A1, -2)




Answers

7 Trigonometry

Exercise 7.1
1(i) a=+3265=5

(i) b =47.2225 =
(ifi) c =8.40cm
(iv) o = 40.5°

2 (i) d=11.1m

(ii) B =609

71cm (3 s.f.)

2.69m (3s.f)

0 =180 — 60.9 — 53 = 66.1°

(ifi) x=179cm

(iv) o=107°

3 (Using rounded answers from question 2)

(i) Area = 27.1cm

(ii) Area=512cm

(iii) Area = 89.1cm?

(iv) Area=549m
4 (i) 11.2cm

(if) y=6cm

Exercise 7.2

1
Angle Other angle Exact value
that has
the same value
sin 30° sin 150° .
sin 210° sin 330° -2
cos 60° cos 300° %
1
tan 30° tan 210° ﬁ
cos 150° cos 210° —?
tan 120° tan 300° -3

2 (i)

(ii)

(iii)

(iv)

3 (i)

sinxtanx

LHS

1
= —— — COSX
Cos X

= sinx x 20X
cos x
_sin’x
cos x
_ 1-cos® x
cos x
_ 1 cos’x
COSX  COSX
1
= — cosx
cosx
= RHS

tanx(1 —sin? x) = sinxcos x

LHS = tanx x cos® x

Z SINX 062 x
cos X
= sinxcosx
= RHS
1+cosx _ sinx
sinx — 1-cosx
sinx 1+ cosx
RHS =

1-cosx = 1+ cosx

_sinx(1+ cosx)

1- cos® x
sinx(1+ cosx)
sin? x

_ 1+ cosx

sinx
LHS

tan? x — sin® x = tan® xsin’ x

.2
LHS = sin_Xx —sin®x

sin® x — cos

LHS = (sin2 X — cos? x)(sinzx + cos® x)

cos® x

sin? x — sin® x cos® x
cos® x

sinzx(1 - coszx)
cos® x
sin® x x sin® x
cos® x

sin’ x 2

= —5 X SN~ X
cos® x

= tan® xsin® x

= RHS

4 x = sin® x — cos® x

(sin® x - cos x)(1)

=sin®x — cos’ x
= RHS



(ii)

(iii)

(iv)

4 (i)

1 X
tanx + = <0
cosx 1-sinx
LHS = Sinx 1
COSX COSX
_sinx +1
Ccos X

_sinx+1,  cosx
cosx  cosx
_ (sinx + 1)cos x
1-sin’x
(sinx + 1)cos x
(1-sinx)(1+sinx)

_ _Cosx
1-sinx
= RHS

1 1 2

T—cosx 1+cosx  sinZx

(1+ cosx) + (1 cosx)

LHS = (1-cosx)(1+ cos x)

_ 2
 1-cos? x
2
sin?x

= RHS

1+tan’x _ 1
1-tan’x  2cos’x —1

!
sin? x
™ cos® x
1_ sin*x
cos® x
cos? x + sin’ x
cos® x
cos? x — sin’ x
cos® x
1
cos® x
2 —
cos® x — sin® x
cos® x
_ 1 cos? x
= 2 —
cos® x — sin® x

cos® x
1
cos® x — sin® x

1
cos® x — (1 — cos? x)
I
2cos’ x — 1
RHS

cosd T
tan@(1+sin®) = sino

cosf
sin@ .
c059(1 +5inB)

LHS

cos’6
sing(1+ sing)
(1-sin%0)
sin@(1+ sing)
(1-sin6)(1+ sinv)
sinf(1+sing)

1-sinO

sin@
1 sinf
" sin6  sind
__1
=g~
= RHS
(i) cos x cosx _ 2

1-cosx 1+cosx  tanx

COS X COS X

LHS = -
1-cosx 1+ cosx

cos x(1+ cosx) — cos x(1— cosx)

(1- cosx)(1+ cosx)

COS X + COS% X — COS X + COS% X

1- cos® x
2cos® x
sin? x
2
sin® x
cos? x
2
tan? x
RHS

Exercise 7.3

15

1 () sinx-= 7

(ii) tan’x =15

2 (i) cosx = -1

&

- .2 4
sinx = —
(ii) 5

3 (i) X = 210° or 330°
(if)  x = 30°0r 150° or 210° or 330°
(iii) x = 63.4°0r 243.4°(1d.p.)

(iv) x =120°
4 x =21.1°0r 81.1°0r 141.1° (1d.p.)

5 (i) I

0.25

|
y
xV

-1
x=14.5° or 165.5° (1 d.p.)

siamsuy

.



Answers

(i) 'z 7 (i) x = 90°, 270°, 60°, 300°

b1

(ii)  x =120° — 120°

(ifi) x =180°
/ 8 (i) 4cos?x +7sinx-2=0
-1

1X 4(1—sin2x)+7sinx—2=0
4 - 4sin*x + 7sinx —-2=0
—4sin’ x + 7sinx +2=0
4sin®>x —7sinx —2=0
x =134.4° or 225.6° (4sinx + 1)(sinx -2) =0
(iii) ZN sin x :—% orsinx =2

. . . . 1
Since sinx is never greater than 1, sinx = 2

(ii) 6 =5.5° 214.5°

Exercise 7.4

|
<V

1 Degrees | Radians
-1
120° 2n
x=41.2° or 221.2° 3
(iv) YA 36° r
5
.1
R 150° %t
-1 1x
_2
S - A . an
240 3
o 3n
= >4 10
x =203.6° or 336.4° . 5
225 7
6 (i) ( 1 +tan9)2 1+ sin@
cos6 1-sin0@ 7
315° —
( sm0) 4
cose cos6
(1 + 5'n9) 2 Degrees Radians
coso 12° 0.209
_(+ S'”e) 10.9° 0.190
cos%6
7 145° 2.53
(1+5sin0)
=T 169.0° 2.95
(1 —sin 9)
5 235° 410
___ (1+sin6)” 288.8° 5.04
(1- .5|n9)(1 +5in0d) 342.5° c 08
1+sinf
= 1=<ing 78.5° 1.37
= RHS

(if) 6 =203.6° or 336.4°



3 | Angle = Otherangle thathas | Exact value 4 (i)  Perimeter=18.2cm (3s.f)
the same value (ii) Area of shaded region = 15.0cm?*(3s.f.)
LT . 3m 12 . 1.2 1 :
sin 7 sin 7 N 5 (i) 56 ><0—5><6><6><5|n0=36
A 1860 — 18sin 6 = 36
T 11 3 .
cos & cos == 5 18(6 —sin @) = 36
6—sinf =2
7n T 1 0 =sin6+2
im tan = L
tan g an ¢ N
3 5 1 (if) o6=255
T T
cos == cos 2= - >
4 4 V2 6 Total length is: 49.1cm (3s.f.) ]
g
sin‘%t sin4—3n _? 7 (i) tan9=%:>AC=8tan9 3
. o Shaded area = Area of triangle OAC — area of
tan 7 tan 7~ 1 sector OAB
=%><8tan0><8—%><82><9
4 (i) tanx =0 or tanx =2 — 32tan 6 — 320
x =0,m,2m,1.11,4.25 _ 32(tan9—9)
(ii) sinx = —% orsinx = % (i) Perimeter= 8% +8+8y3 = 30.2cm(3s.1f)
n 5m . . . . .
X=6"6 8 (i)  Since triangle OCD is equilateral, angle
ocb=1T
3
(ifi) sinx = 3.30 or —0.303 Soangle ACD =1~ T = Zn
x = —0.308 or —2.83 3 3
(ii) Perimeter=AD +BD + AB
- _ 1 _
(iv) cosx—iorcosx—1 —8x2n+84+16x 'n
n 5w 3 3
X=3.3:0:21 :1321t+8cm
(v) tanx = gor tanx = —1 (iii) Shaded area = %n -16V3
x = 0.927,- 2.21,-0.785, 2.36
Exercise 7.6
(vi) sinx = % orsinx = -5 1 (i) y
3 L
x =T 5m
"6'6 2
1 /
0 : : i —
- 90° 180° 270° 360°
Exercise 7.5 1
1) P=224m Sl
A = 29.4cm? 3l
(ii) P =752cm(3sf)
A =314cm*(3s.f) (ii) g
1
2 9="=-171=0982 ya
’ 0 ' ' : 2n X
14
10 21
3 Perimeter: Tn +10V3 = 27.8cm(3s.f.) 34
Area: 17.1cm? -4
_5 L




(iii)

N WS

_

(iv)

Answers

0° 80° 0° 60° X
14
21
-3+

N AT

(v) y}

T

2'11', X

0 90°

(vi)

S~ N WD O N S

180°

270°

360° X

T
—14 2

2 A=4,B=1,C=-2
3 A=5B8=2C=-1
4 A=2,B=3,C=-2

5 A=-2,B=_,C=3

1
2'
6 A=2,B=3,C=2
7 A=2,B=-1

8 (i) period = g

21 X

(ii)

(iii)

9 (i)

(ii)

10 (i)
(ii)

(iii)

(iv)

11 (i)

N WM U~

AVAVAVAVAVAVA

41
51

From the graph, the highest points occur at
t=0.7,1.3,2,27 3.3and 4 (1d.p.)
t=12.40pm, 1.20pm, 2pm, 2.40pm, 3.20pm,
4pm
yk
4
3
2
1
0 , , N
-1 I T 3n X
-2 2 2
-3
-4
The line we need to draw is:
y=FrX_® X 4 1, 110318
n nT T n
f(x)<2
{-2-a
10x)
5
0 o b )?
2
-5
-10
-15
f1(x) = 2tan™ (2 — X)
3
b=5
a=



(ii)

yA
8.
7.
6.
5.
4.
3.
2.
1-\
Sl 2 2
_3.
41
54
12 (i) cos(—x) =k
(ii) cos(m—x)=—-k
(iii) sinx = V1-k?
(iv) cos(m+ x)=—k
(v) tanx= 1 ;kz
13 (i) tan(-x)=k
(ii) tan(m-x)=k
(ifi) cosx = — 1
J1+ k?
(iv) sin(n+x) = —\/11:7
(v) tan(%n + x) = %
. 4r 5n
14 (l) X = ? or ?
(ii) x = gornor%E
(iii) x=tan'(1) = %or 5Tn

(iv) x =0.9700r2.740r4.110r5.88 (3s.f)

15 (i) Period = 40 seconds

(if) Maximum height =107m

(iii) t=23seconds

Stretch and challenge

T 36in30+3=2cos?30

3sin30 + 3 = 2(1 —sin? 39)
3sin30 + 3 = 2 — 2sin%30
2sin?30 +3sin30+1=10
(2s5in36 + 1)(sin36 + 1) = 0

sin30 = —% or sin36 = -1

36 = -30°,-150°,-390°,-510°,210°,330°,-90°,
270°,-450°

6 = -170°,-150°,-130°,-50°,-30°,-10°,70°,

90°,110°
2 (i) Hm
2 H=2snt+3
g Amplitude = 2
iod = 2= Bo
2 Period = 2= 7= 4
3
2 \\/
1
» 6 7 8 i
i) t (hours)
-3
4
—_ 9¢n
H = 2sin 3 t+3
(ii) Period = 2% = 4 hours
2
(iii) 1am
3 105=9- 3cos(gt)

~
—_—
I
|
—
(%21

| =

~
~—
Il
(a)
(]
w

|

|
N| =
~—

®©a wa o3 ooa
N
I
|
N

_2n 4x
t)‘3'3
t=16 3
3 3
el 4n2
t=51,102

Since t is hours after 9.30am, refloating can
occur between 5% and 10% hours after 9.30am,

i.e. between 2.50pm and 8.10 pm.

(i) A= 2(1r229 ~1r2in26
2 2
%nr2 =r?220 — r?sin20
T = 40 — 2sin260
2sin20 = 46 — 1

>
2
H
@
)



Answers

(i) 4 LHS _ Sinx 4 _1
cosx  sinx

cos X

r sinx  cosx
cosx  sinx

sin? x + cos? x

sin x cos x
ml ¢ S —
- sinx cos x
2 = RHS
z 2
cosf = % = cosO = % — 0 = 60° = % 5 LHS - (1= cosx)(1- cosx) + sin“ x

sinx (1 - cos x)

(iii) A= 2( r220 — r sm29) (1 — 2cosx + cos’ x) +sin® x
sinx (1— cos x)

— 920 _
= 2r?0 — r’sin20 _ 2 _ 2cos x
=2r? §—r sm%’E sinx (1 - cos x)
2(1- cosx)
_ anz _ £ =
3 > sinx (1 - cos x)
{54 -2
3 2 sinx
= RHS
2n 3,
1) 3 2 0,
% covered = 3 % 100% 6 x = 15°o0r 165° or 195° or 345°
f5-5)
_\3 2 5 11 7
= x 100% T2y M, T
7 X= RO o
= 39.1%
8 sinx =0orsinx = -1
- -_T
Exam focus x=0orx=-3
1 (i) Theequationisy=2sin3x;i.e.a=2,b=3. .
9 cosx = Sor -2
(ii) c=2.
x=F _T
b=4. 3" 3
a=2. 10 Area of segment = 5.80 cm? (3s.f.)
The equation is y = 2 — 4 cos 2x. 11 Perimeter of shaded region
2 (i) sinx=sin(n—x)=k. 12“ +10/3 +10
ii) cosx =+1-k2
(E 12 (i) o= g
b V1-k?
(iii) ta”(j—)‘)= e (ii) DE=6.60=(3sf)

sin2e (iii) Shaded area=9.63 cm? (3 s.f.)

cos%0

3 LHS =1+

cos?6 + sin’6
cos?6

_ 1

 cos?0

= RHS




8 Vectors

Exercise 8.1

1 (i)

b
S~
a
2 (i)
.. -6
(ii) 2a=( 5 (i)
_b:[ -5 (i)
0
1c=[ 1
2 -2
3 (i)
1 (ii)
?C
(iii)
b
a4
2a
(iii) a+b=[ ? j
(i)
(i)
b - 2c :[ 1 J
8
(iii)
(iv)
5 (i)
(ii)
(iii)

1c+2a=( -
2

o v
N
1
=

RARGSY

>
2
2
o
@

4i - 5§

—i + 2j

g=-6j

h = 4i - 5j

g + h =—6j + 4i — 5j = 4i - 11
| =3.61(3sf)

I =224(3s.f)

%
AB = 6.08 (3s.f.)

Xy

— _
OAz[ 3]
2
— _
BC:[ 4]
7
—> _
CAz[ 3]
-2
D is (=15, 23)
OB=2m+1n
%
OE=2m+23n
2 2
%
BD=2m+%n E



P1

Answers

(iv)

6 (i)

(i)

7 (i)

RN
EC =

Im-3n
2 2
Unit vector = | 08
0.6
4
Unit vector = J1_7
V17

3

1

or W(‘“ -1J)

2 3
8 (ii) -18
-18 13

%
8 AB=-i+5j-4k

9 (i)
(ii)

3i+4k

5i + 6j + 4k

(iii) 5i-6j+ 4k

(iv)

(v)

-3i+4k

5i - 6j — 4k

(vi) 2i+6j

%
10 CD =9.64 (3s.f)

11 (i)

(ii)

SN 0
PQ=| 3
-6
N 0
QR=| -6
12

(iii) Since &)R = —2%,

they are parallel N
QR is twice the length of PQ

QR goes in the opposite direction to PQ.

(iv) Sis(1, 2, -3).

12 (i)

% 8
D = 4
=21
N 1
EC=| -3
7

13 Gis (8, -13, -6)

14 (i)

Unit vector = — i — zj + 2k
3703 3

5
(ii)  Unit vectoris % 0 |=
-12
1 i —_—
OFE(SI 12k)
0.521
15 Theunit vectoris| -0.047
0.852

Exercise 8.2
1 (i) 6 = 169.7° (1d.p.)

(ii) 6=147.3°(1d.p.)

2 6=130.2°(1d.p.)
3 (i) 0=979°(1dp)
(i) 6=121.9°(1d.p.)

9

(iii) a= 15

4 6=775°(1d.p.)

5 c=-

[SUREN]

6 () AB=10

(i) XI)==4i+10j—3k
¥=—4i+10j+3k
(iii) 6 =53.1°(1d.p.)

7 (i) = 14i + 20k

Ll

N

‘M = 30i - 20k

" = —-14i + 16j + 20k

al §l

S

= 12i + 16j + 40k

(i) 6 =47.1°(1d.p.)

Stretch and challenge

a -1
1| p || 1|=0=>-a+b+3c=0
4
a 2
b |-l 0 [=0=2a+5c=0
4 5

13

12

13

m

()



-2a+2b+6c=0 (Mx2 () Exam focus
P1

2b+11c=0 (2 +3)
e . . 1 So the unit vector in the direction of
There are infinitely many solutions to this system of
two equations with three unknowns. N 6 0.6
. 1 _

Choosing the whole number solutions, b =11, c = -2, ORis ol 0|7 0

5 8 0.8
a=>5, thevectoris | 11 | (or any scalar multiple).

D 2 p=-6

3 6=51.2°(1d.p.)

2 |p|=|q = Va? +b* +3% = 4% + 2% + 32 >
a’+b*+9=16+a’+9 g
(]
b®> =16 a
b=14
a 4
b |.| a |=0=4a+ab+9=0
3 3

Ifb=4,4a+4a+9=0=a=-

|

If b=-4, there are no solutions for a.

Soa=—§andb=4

3 |v,| = |120% + (-60)° + 407 = 140 m/s
|V, =140 +35 =175 m/s

120 120k
IVs| = k|vp| = k| —60 |=| —60k
40 40k

[v,| = (120k)’ + (-60k)” + (40k)” = 175

19600k? = 1752

k? =23
16
k=23
4
120 150
va:% -60 |=| -75 |=150i-75]j+ 50k
40 50



Answers

Past examination questions

1 Algebra
1 (i) 16-(x-4)
a=16,b=-4

(if) -2=x<10

2 (i) x<-lorx>4

2 Co-ordinate geometry
1 (i) Equation of BCis

y:%x+L21 orx—-2y+11=0

(ii) Cis(13,12)

(iii) Perimeter = 24/20 + 2180 = 35.8
2 (i) Equation of BCis:
y=%x+4
Equation of CD is:
y=-2x+29

(i) Cis(10,9)
3 (i)  Points of intersection are (1.5, 8) and (4, 3)

(ii) —/96 <k <96
or |k| <+/96

4 (i) Equationof CDis:

y=—§x+24 or3x+2y—48=0
(ii) Dis(10,9)
5 m<-10orm>2

6 (i) Mis(52)

Dis (7,-2)
(ii) 6:4=3:2
7 (i)  Pointsare (6, 1) and (2, 3)

(if) k=85

3 Sequences and series

1() a="0=27
3
(if) s =81
2 (i) $61.50
(i) s.=18

3 Coefficient of x is 1080

4 (i) S, =239(3sf)
(i) s, =3280
5 (i) $369000
(ii) $3140000
(iii) $14300
6 (i) 10836
(i) @ x=96
(b) S =432
7 (i) 32+80u+80u®+...
(ii) The coefficient of the x* term is 160.
8 (i) 32+80x*+80x* +...
(if) Coefficient of x* term is 272
9a=5
10(i) (a) d=3
(b) 57
(c) 570
(ii) (a) $6515.58 or $6516

(b) $56827 or $56800

4 Functions

1 (i)

(ii)

(i)
2 (i)

(ii)
3 (i)

(ii)

x=71
2

x=-2or2
2
a=2,b=-3
X=2
4

The domain of g'(x) is x < 16 and range is y = 4.

g'(x)=V16-x+4



4 (i) x<-3andx>5 8 The domain of f'is x = 3

(ii) Rangeis f(x)=-1. 9 (i) Rangeoffis0<f<4. -
No inverse as f(x) is not one-to-one. (i) ) 4
(i) gf(X)zg(XZ—ZX)=2(X2—2X)+3
=2x’-4x+3

2x>—4x+3=0has b>-4ac=-8
so has no real solutions.

(iv) glx) A
>T 2
44 ®
3) *
71 . _
11 A

ceay 1 J2x  for 0sx<2
(iii) f'(x)=
2x-2 for 2<x<4

10 (i) a=-2 b=8

5 (i) Rangeis1<f(x)<5. (i) fg(x) =22 -6x

(ii) Z - - -
5] 5 Differentiation
44 . _1 .3
1 (i) v-= E1t(192r r )

31 (ii) r=8cm

2..

: (iii) r=8cm is a maximum
, , : . 2 (i) h=4—r—gr

0 90° 180° 270° 360°X

1+

(ii) A=2rxh+2tnr?
(ifi) Largest value is when A =90°. 2
(iv) g'(x)=sin" (3_?)()

= 2r(4— r —Er)+ I rr?
2 2

=8r-2r> —mr? + %nr2

: 9
6 (i) fx)=-7 =8r-2r? —%nr2

(ii) fdoes not have an inverse as the function is

not one-to-one. (i) r=1.12m(3s.f)

(iv) r=1.12cmis a maximum

(ifi) x=25
Cricf1 e
7 (i) Thedomainoff'is0<x=<2 3 The point IS(E, 5;)-
(i) flx) 4 =22
6+t 4y 23
s ] 5 Angle between the two lines is 8.2° (1 d.p.).
12
6 f/(x)=-——12 _
41 () (2x +3)°
34 Since (2x+3)?>0 for all values of x, then —LZ
o (2x+3)
21 is always negative.
LR g Since f” (x) is always negative, the curve is always
g \ ‘ R decreasing.
-1 1 2 3 4 5 6X
14

(iii) x=1 37



P1

Answers

7 (x)=9(3x +2) (ii)
Since (3x+2)>> 0 for all values of x, f’ (x) > 0 for all
values of x, hence the function is always increasing.

dy = 24x

8 (i) g~ m

(ii) y-= %x + %or 2x-3y+7=0

= inlfo

= 64n | *(3x +2) 7dx

r 2
(Bx +2)"
= 64n|

r 2
P
RS EET z)L

(iii)
9

—0.018 units/second

- 64“_[_3(3 S5s 2)}‘ [’3(3 o3 2) ﬂ

x=4 ~ 6an| -1+ 1]
L 24 6
4 . .
X is @ minimum point _ 6411;[1]
8
=8rn

6 Integration

) . (1+ 2x)° 6 (i)
1 (i) Equationisy = s 2
- . . ’I
(ii) The yinterceptis (0,25) (ii)
2 (i) y=-2x+12 7 (i)
(if) Area= 9% (i)
(iii)
. _,dy 5
3 x=tg =% (iv)
(ii) At x = 1= 0.025units/second 8 (i)
_ 58
(iii) Area = 2E (ii)
4 (i) Equationof curveisy = x> —2x? + x +5 (iii)
(ii) x< % or x>1
- _ 8 _ -1
5 (i) y——3x+2—8(3x+2)
d_ -8(3x + 2)72 x3 = _Lz
dx (3x +2)
At X zzldl:_%:_i
dx  (3x2+27 8
Equation of tangent at (2, 1) is:
y=mx+c = 1=—§><2+c = c:%
=_3x47
y="g%",
Co-ordinates of Cis wheny = 0
0:_5)(4_1:})(:&:42
8 4 3 3 9 (i)

DC=42-2=22
3 3 (ii)
(iii)

Area of triangle BDC = % x 2% x1= g

Equation of normal at Pis:

yz_%x+%:>2y=—x+9:>x+2y=9

Equation of curveisy = 3J4x -3 -6

k =27

Maximum point is (-1, 32)

The function is decreasing for - 1 <x <3

A = 33.75

When x =1, d_y =4
dx 3

0.015 units/second

V= J;“(5 —62x

1 -2
=36n[)(5-2x) dx

r 1
5-2x)"
:361‘5&)( 1l

)zdx

-1 -2

B 1
1
-360— 1
"26- 2)()}Q

- 36“_[2(5 ~% 1)}‘ (2(5 5> 0)]]

=367 1—1]
L6 10
=367 i}
L15
_ 12,
5

Shaded area = 2><1_% =

s

V=3n=471(3sf)
2

Anglebetweenthetangents= 19.4°



10 (i)
(i)
11 (i)
(i)

(iii)

k=5

Equationis y = 5x — x> + 5

a=1b=2
A=2725
c=%8=12 =14

7 Trigonometry

1 (i)

(ii)
(iii)

2 (i)

(ii)
(iii)
3 (i)

(ii)

4 (i)

b=-3
a=>5
x = 0.64,2.50(2d.p.)

Y
3
2
1

-1

-9
Cosine rule:
2 2 2

2x20x20
cos AOB = -0.28

AOB = 1.855(3s.f.)
or

sin (1 AOB) =16
2 20

(1AOB) = sin 16
2 20
AOB =1.855(35.f.)

A =371cm?

Area of cross-section = 502cm?(3s.f.)

3tan6 = 2cos6

3sinf
cosf

3sin@ = 2cos? 0

3sing = 2(1 — sin? 9)

= 2cosf

3sinf = 2 — 2sin%6
2sin0 + 3sin6 -2 =0
6 = 30° or 150°

cos30° = AC = AC = cos30° x| = gl

/

sin30° = 2€ — pc = sin30° x / = 1

/
BC=2xDC=1

(ii)

5 (i)
(i)

(iii)

6 (i)

(i)
7 (i)

(ii)

Using Pythagoras’ theorem,
AB? = AC? + BC?

(B, -
—( 2 I +1

12+

DN Dlw

=7
[T 7
AB = 4/ = 2/_zlﬁ

In triangle ABC

>
(x+30°) = :
tan(x + 30°) = —
tan(x + 30°) = %
(x +30°) = tan™ (%)
x = tan™' (%J - 30°

Area of sector = 68.5cm?(3s.f.)

9:%(11—2)
ABZ=82+82—2><8><8><cos%
AB? = 64

AB = 8cm

or

Since angle AOB =60°, and AO = BO,
then angle OAB = angle OBA = 60°

So triangle OAB is equilateral so AB=8cm

BC? =82 + 82— 2x 8 x 8 xcos 2&

3
BC? =192
BC = /192 = 83

Perimeter=8 + 83 + 16
= (24 + 83)cm

4sin*0 +5 = 7cos? 0
4sin*9+5 = 7(1 —sin26)
4sin*9 +5=7-7sin’0
4sin*0 +7sin’6-2=0

With x = sin?@ we have 4x% + 7x -2 =0
6 = 30°,150°, 210°, 330°
Shaded area = 21.5cm?(3s.f.)

Perimeter = 20.6cm(3s.f.)



Answers

8 (i) ;4 (ii)

6 = 60° or 300°

y=2sinx
20
14 (i) BD=6.66cm
1<
(ii)  Shaded area= 10.3cm?(or 9n — 18)
0 E\E/_ﬂ/ T X 15 (i) 2-5cos’x
4 2 4
-7 a=2b=-5
y = Cos2x
2+
(ii) Greatest value is when cos® x = 0, f(x)=2
(ii) Two solutions Least value is when cos® x = 1, f(x) = -3
9 (i) 3=sf(x)<s2
5 (iii) x = 0.685 or 2.46
0 16 x = 113.6°or 70.5°
4 15cm (i) 2
17 (i 1 1
gem LHS = (sme tanej
| T c059
A 15cm S|n9 sinf
1-cos6
1
tanf = §5 = 0 = tan” (%) = 1.08(3s.f.) ( sind )
So AOB = 2x1.08 = 2.16(3s.f.) = (1-cos6)” cose)
sin 6
(ii)  Perimeter = 47.3cm (3s.f.) (1 B cose)z
(iii) Shaded area= 50.8cm?(3s.f.) (1 - cos’ 9)
(1=costj(1- cosh)
10 (i) cos’x=2" = 1
25 (1=—cost)(1+ cosh)
4 _ 1-cosO
(ii) tan’x = - 1+ cos6
= RHS
11 (i) 3sinxtanx = 8
. (ii) 6 =64.6°0r295.4°
3sinx x 2NX _ g
cos X . _ _ o J3
3sin? x _ 18 (i) Distance from D to ABis 6sin §=6x7=3\/§
cosx Distance from E to AB is 10 sin @
3sin® x = 8cosx . . o
Equating these distances gives:
3(1—coszx)=8cosx 10sin6 = 343
3 -3cos? x = 8cos x Ging = 33
0 =3cos? x +8cosx — 3 10
3cos’ x +8cosx —3=0 ] =sin‘1(%]
(ii) x = 70.5°0r 289.5°
ii) P =16.20cm(4s.f.
12 (i)  Perimeter of shaded region = 25.9cm (3s.f.) (i) (45£)
(ii)  Shaded area = 15.3cm?(3s.f.) 8 Vectors
13 (i) 2tan’@cosd =3 . NN 4
2o 1() MO=MB+BO=4i-6k=| 0
2 sz X cosf = 3 -6
cos“ 6
. Ty N
2sin°6 _ MC’ = MO + OC + CC’
cosf = (4i - 6k) + 4j + 12k
2sin“ 0 = 3cos0
, 4
2(1- cos® ) = 3cosO —di+4j+6k=| 4
2 - 2c0s’6 = 3cos6 6
0 =2cos? 6 + 3cosh — 2
2c0s’0 +3cosf-2=0 (ii) 6=1097°(1d.p.)



— 4 (i) 6 = 160.5°
2 (i) BA=a-b=(3i+2k)-(2i-2j+5k) P1
=i+2j-3k _ -4 -20
— (ii) Thevectormustbe5x AC=5 2 |=| 10 -
BC=C—b=(2j+7k)—(2i—2j+5k) 4 20
=-2i+ 4j + 2k
— (iii) p= %
BAB 2 =1x-2+2x4+-3x2
-3 2
4 3
- . 1 1 2. 1.2
- 9 5 (i) Theunitvectoris—| 2 |=| -~ jorZi+-j+°k
Since BA - BC = 0 the vectors are perpendicular. 6 4 z 3 3 3 >
f -
— 3 g
(ii) AD=d-a-=(-2i+10j+ 7k) - (3i + 2k) 3
= —5i + 10j + 5k (if)  Acute angle is 180° — 105.8° = 74.2°
=5(-i+2j+k) )
N (iii) Perimeter = 15.4
BC = -2i + 4j + 2k = 2(-i + 2j + k) .
. . 6 (i) 0 =66.6°
Since both vectors are multiples of
—i + 2j + k they are parallel 3+2p
\3_3\ Jad = 2:5 (i) | -2+p |or (3+2p)i+(-2+p)j+(4-3p)k
4-3p
! 8 _ 4
1 2 z (ifi) p= a7
3 (i)  The unit vectoris o 4= -3
- -2
4 2 7 (i) PO =3i+6j-3k
3 =
RQ = -3i+ 8j+ 3k
(if) p=10
(ii) o0=63.2°

(iif) g=-7o0r5






